Introduction {#sec1-1}
============

The burden of noncommunicable diseases (NCDs) and the associated risk factors is on a rise.\[[@ref1]\] In India, cardiovascular diseases (CVDs) such as heart attacks and stroke, diabetes, chronic respiratory diseases (chronic obstructive pulmonary diseases and asthma), and cancer are the four leading cause of death, accounting for over 60% of premature mortality.\[[@ref2]\] In terms of attributable deaths globally, leading behavioral and physiological risk factors of NCDs includes being overweight or obese (5%), followed by tobacco use (9%), raised blood glucose (6%), physical inactivity (6%), and raised blood pressure (13%).\[[@ref3]\]

The prevalence of obesity in India is on a rise and ranges between 13% and 50% in urban population and 8%--38.2% in rural population.\[[@ref4]\] Though dual-energy X-ray absorptiometry has been considered the gold standard for body composition measurements,\[[@ref5]\] body mass index (BMI) is still the simplest, yet most used anthropometric parameter. However, there is a debate regarding the best BMI classification for the Asian population because of their structural variations compared to the western population. International Obesity Task Force has proposed lower BMI cut-off values for defining overweight and obesity among Asian population.\[[@ref6]\] Even then, there is no uniformity among health researchers and primary care/family physicians regarding use of modified criteria, and some researchers still prefer the standard WHO guidelines to define overweight and obesity.\[[@ref7]\]

There is scarce literature that depicts advantages of using the modified criteria for Asian population and specifically to Indian community. Use of uniform BMI criteria is needed for screening and management of various vasculo-metabolic dysfunctions. For instance, obesity is one of the known risk factors for developing hypertension\[[@ref8]\] but, if we do not have uniform BMI criteria, the purpose of defining guidelines for hypertension prevention cannot be accomplished.

Therefore, the primary aim of the study was to assess the prevalence of overweight and obesity and its predictors as per different criteria (WHO criteria, Modified Asian Indian criteria of BMI classification and BF% estimation by bioelectric impedance analysis technique). The secondary aim was to assess the concordance of overweight and obesity as diagnosed by BMI with direct BF% estimation. The exploratory aim is to assess concordance between overweight and obesity and high blood pressure as per different criteria of fatness estimation.

Materials and Methods {#sec1-2}
=====================

Study design {#sec2-1}
------------

Community-based cross-sectional study.

Study area {#sec2-2}
----------

The present study was conducted in Block Beri, District Rohtak (Haryana) which is the rural field practice area of Department of Community Medicine, Post Graduate Institute of Medical Sciences (PGIMS), Rohtak over a period of 1 year (September 2013 to August 2014).

**Study population included** Ambulatory adults aged ≥20 years residing in the study area for more than 6 months. Bedridden patients, patients with signs and symptoms suggestive of water retention and pregnant females were excluded from the study.

Sample size {#sec2-3}
-----------

Considering the prevalence of overweight and obesity 20%,\[[@ref9]\] acceptable margin of error 3%, design effect 1.5, the calculated sample size was 1032 (Stat calc., Version 7.2.0.1).

Sampling technique {#sec2-4}
------------------

Multistage cluster random sampling was used. The detailed sampling technique is described elsewhere.\[[@ref10]\]

Data collection {#sec2-5}
---------------

Data were collected using a predesigned, pretested, and semistructured questionnaire through interview after obtaining written and informed consent. Sociodemographic characteristics were recorded and the respondents were privately asked for their anthropometric measurements. Weight of the study participants was measured using digital weighing machine (SECA 874 U digital scale), and height for study participants was measured using stadiometer (SECA 213 Stadiometer).\[[@ref11]\] BF% was measured using a commercially available portable device (HBF-306, Omron Health Care Co., Kyoto, Japan) that incorporated a bioelectric impedance analyzer as per the standard protocol. A cut-off score of BF% \>25% in males and \>30% in females was considered high.\[[@ref12]\]

Blood pressure was measured using standard techniques and hypertension was classified using JNC-7 criteria.\[[@ref13]\] Hypertensive patients were prescribed basic antihypertensive medicines and counseling services. The needy study participants were referred to a tertiary care center of Haryana for further disease management. To ensure the veracity of the data, coinvestigators randomly cross-checked anthropometric measurements done by the principal investigator for 10% study population.

Data analysis {#sec2-6}
-------------

Collected data were entered in the MS Excel spreadsheet and analysis was carried out using Statistical Package for Social Sciences (SPSS) for Windows version 17.0, (SPSS Inc., Chicago, IL). Adjusted Odds Ratio (aOR) with 95% Confidence interval (CI) were calculated using using binary logistic regression technique.

Results {#sec1-3}
=======

Prevalence of overweight and obesity {#sec2-7}
------------------------------------

The prevalence of overweight and obesity as per the modified criteria for the Asian Indians (BMI ≥23 kg/m^2^) in the study population was observed to be 49.62% (*N* = 536) and only 34.62% (*N* = 374) according to WHO criteria (BMI ≥25 kg/m^2^). The effects of lowering the cut-off values to define overweight and obesity for Asian Indians is given in [Table 1](#T1){ref-type="table"}. While there was no change in the percentage of underweight study population, number of people who were in normal category decreased, and the number of overweight and obese study participants increased after using the modified criteria. A little less than half of the participants had high BF% (*N* = 513; 47.5%).

###### 

Comparison of prevalence of overweight and obesity in the study population by using two different criteria of BMI classification

                                    WHO Classification, *n* (%)   Modified Criteria for Asian Indians, *n* (%)   Body fat %
  --------------------------------- ----------------------------- ---------------------------------------------- -----------------
  Underweight                       138 (12.8)                    138 (12.8)                                     567 (52.5)
  Normal                            568 (52.6)                    406 (37.6)                                     
  Overweight                        266 (24.6)                    162 (15.0)                                     513 (47.5)
  Obese                             108 (10.0)                    374 (34.6)                                     
  Combined overweight And obesity   374/1080 (34.6)               536/1080 (49.6)                                513/1080 (47.5)

*χ*^2^=199, df=3; *P* value\<0.001 (significant)

Predictors of overweight and obesity {#sec2-8}
------------------------------------

The sociodemographic findings of the study participants are depicted in [Table 2](#T2){ref-type="table"}. On applying logistic regression; female study participants had 4% higher odds to be overweight or obese as compared to the males as per the modified criteria of overweight an obesity for Asian Indians, although it was not statistically significant (aOR: 1.04, CI: 0.781--1.397, P-0.769). Even though age was converted to ordinal scale, linearity of the *ln (odds)* of obesity with age was not assumed. Therefore, the age was converted to five categories and 20--29 years age group was taken as a reference category. The relative odds to be overweight or obese are 63% higher for age groups 50--59 years and 103% for \>60 years age group as compared to the reference category. (aOR: 1.633, CI: 1.068--2.495, *P*-0.023 and aOR: 2.038, CI: 1.311--3.168, *P*-0.002). Upper class in society had nearly seven times (aOR: 7.523, CI: 1.299--43.561, *P*-0.024) the risk and showed positive association with BMI, but this study finding cannot be generalized because of few number of study participants in this category.

###### 

Association of sociodemographic variables with overweight and obesity as per the modified Asian BMI criteria using multivariable logistic regression

  Variables              Total study participants   Logistic regression                          
  ---------------------- -------------------------- --------------------- ---------------------- --------
  Total                  1080 (100)                 536 (100)                                    
  Gender                                                                                         
   Male                  540 (50)                   258 (48.1)            Reference              0.769
   Female                540 (50)                   278 (51.9)            1.04 (0.781-1.397)     
  Age groups (years)                                                                             
   20-29                 216 (20)                   86 (16.0)             Reference              
   30-39                 216 (20)                   102 (19.0)            1.226 (0.804-1.870)    0.34
   40-49                 216 (20)                   107 (20.0)            1.306 (0.855-1.994)    0.22
   50-59                 216 (20)                   116 (21.6)            1.633 (1.068-2.495)    0.02
   \>60                  216 (20)                   125 (23.3)            2.038 (1.311-3.168)    0.002
  Marital status                                                                                 
   Unmarried             105 (9.7)                  36 (6.7)              Reference              
   Married               959 (88.8)                 493 (92.0)            1.512 (0.929-2.462)    0.12
   Widowed/separated     16 (1.5)                   7 (1.3)               1.185 (0.370-3.789)    0.80
  Education status                                                                               
   Illiterate            372 (34.4)                 191 (35.6)            Reference              
   Primary               77 (7.1)                   29 (5.4)              0.382 (0.223-0.655)    \<0.01
   Middle school         175 (16.2)                 68 (12.7)             0.441 (0.284-0.685)    \<0.01
   High school           362 (33.5)                 191 (35.6)            0.635 (0.427-0.944)    0.03
   Graduate and above    94 (8.7)                   57 (10.6)             0.795 (0.463-1.365)    0.4
  Socioeconomic status                                                                           
   Lower                 153 (14.2)                 53 (9.9)              Reference              
   Lower middle          510 (47.2)                 246 (45.9)            2.603 (1.711-3.962)    \<0.01
   Middle                367 (34.0)                 204 (38.1)            3.589 (2.227-5.784)    \<0.01
   Upper middle          43 (4.0)                   28 (5.2)              4.987 (2.254-11.032)   \<0.01
   Upper                 7 (0.6)                    5 (0.9)               7.523 (1.299-43.561)   0.02

Concordance of different criteria of fatness estimation in predicting hypertension {#sec2-9}
----------------------------------------------------------------------------------

Analysis of mean blood pressure readings of the study participants depicted that 18.3% participants were hypertensive -12.2% and 6.1% in stage I and II (females: 18.5% and males 18.1%, *P* value \>0.05) respectively. [Table 3](#T3){ref-type="table"} depicts the prevalence of hypertension as per two different criteria for BMI. Subsequently, the study participants were segregated according to their BF% to directly observe association of body fat with the prevalence of hypertension. Majority of the participants who had normal blood pressure (*n* = 395) were having low BF% (*N* = 265, 62.0%), whereas the hypertension was more than double in participants with high body fat (*N* = 93; 70.5% in Stage I and *N* = 44; 66.7% in Stage II) as compared to low body fat group (*N* = 39; 29.5% in Stage I and *N* = 22; 33.3% in Stage II) (*P* value= ≤0.001). The participants who were in prehypertensive stage were nearly equal in both high BF% and low BF% categories (*N* = 261; 53.6% and *N* = 226; 46.4%). (data not tabulated).

###### 

Prevalence of hypertension in the study population according to two different BMI criteria

                    WHO Classification   Modified criteria for Asian Indians   Total *n* (%)                                                                    
  ----------------- -------------------- ------------------------------------- --------------- ------------ ------------ ------------ ------------ ------------ ------------
  Normal            80 (20.3)            223 (56.5)                            71 (18.0)       21 (5.3)     80 (20.3)    176 (44.6)   47 (11.9)    92 (23.3)    395 (36.6)
  Prehypertension   49 (10.1)            265 (54.4)                            130 (26.7)      43 (8.8)     49 (10.1)    174 (35.7)   91 (18.7)    173 (35.5)   487 (45.1)
  Stage 1           4 (3.0)              53 (40.2)                             47 (35.6)       28 (21.2)    4 (3.0)      33 (25.0)    20 (15.2)    75 (56.8)    132 (12.2)
  Stage II          5 (7.6)              27 (40.9)                             18 (27.3)       16 (24.2)    5 (7.6)      23 (34.8)    4 (6.1)      34 (51.5)    66 (6.1)
  Total             138 (12.8)           568 (52.6)                            266 (24.6)      108 (10.0)   138 (12.8)   406 (37.6)   162 (15.0)   374 (34.6)   1080 (100)

The sensitivity and specificity of predicting hypertension through different criteria of fatness estimation was calculated and is stated in [Table 4](#T4){ref-type="table"}. The increase in sensitivity by modified criteria for Asian Indians exposed more overweight and obese study participants, \[N = 22 (2.03%)\] who were suffering from hypertension as compared to WHO norms. McNemar test was applied and it was found that the diagnostic criteria to identify hypertensive subjects by modified criteria for Asian Indians have significantly (*P* \< 0.001) better sensitivity than WHO criteria.

###### 

Validity of two criteria of BMI classification in comparison to body fat percentage estimation for detecting hypertension in the study population

                              Hypertension   Validity measures                           
  --------------------------- -------------- ------------------- ----- ----- ----- ----- -----
  BMI as per WHO criteria     ≥25 kg/m^2^    109                 265   55%   69%   29%   87%
  \< 25 Kg/m^2^               89             601                                         
  BMI as per Asian criteria   ≥23 Kg/m^2^    133                 401   67%   54%   25%   88%
  \<23 Kg/m^2^                65             465                                         
  Body fat percentage         High           137                 376   69%   57%   27%   90%
  Low                         61             490                                         

Further, the close relation between BMI and BF% was demonstrated by estimating the mean differences and limits of agreement between BMI and BF% according to Bland--Altman procedures. Since, the two variables had different units of measurement, both were first converted to obtain z-score before computing their differences and mean values among study participants to get the final plot \[[Figure 1](#F1){ref-type="fig"}\]. Good agreement was observed between the two obesity estimation methods. Pearson\'s correlation analysis showed positive correlations between BMI and BF% (*r* = 0.747, *P* \< 0.000) and they both were positively correlated to the systolic (*r* = 0.273 and 0.191; *P* \< 0.000) and diastolic blood pressure (*r* = 0.277 and 0.165; *P* \< 0.001). However, to compare the discriminatory power of BMI and BF%, ROC analysis was also used and both depicted good discriminatory power to diagnose hypertension in the Indian population \[[Figure 2](#F2){ref-type="fig"}\]. The area under curve (AUC) for both the methods was observed to be similar (0.668 and 0.627, *P* value \< 0.001).

![Bland--Altman\'s plot to assess agreement between overweight/obesity measured by BMI and BF% estimation](JFMPC-8-2095-g001){#F1}

![ROC analysis to predict hypertension in the study population by using BMI and BF% estimation methods](JFMPC-8-2095-g002){#F2}

Discussion {#sec1-4}
==========

This study reinforces the utility of Asian cut-off to define overweight and obesity in Indian adults in primary care. It also reinforces the clustering of vasculo-metabolic dysfunctions in overweight and obese individuals and helps to identify such individuals in the nascent stages of disease and prevent complications. Family physicians should make more efforts to screen for hypertension. We can extrapolates this to suggest that screening for other vasculo-metabolic diseases like diabetes and dyslipidemia should be performed more diligently and frequently in person who are overweight and obese as per the new guidelines.

In present study, the overall prevalence of overweight and obesity was found to be unacceptably high among adult rural population which is a cause of serious concern. The observed prevalence is higher than results depicted in different studies that employed the same criteria of classification.\[[@ref14][@ref15]\] This increase can be attributed to consumption of high calorie foods along with unhealthy lifestyle in the study area. On applying modified criteria to the same population in our study, the overall prevalence was found to be 49.62%. Similar high prevalence was reported in many other studies done across the country.\[[@ref16][@ref17][@ref18]\] The prevalence of hypertension among study participants was observed as 18.8%. Integrated disease surveillance project in NCDs risk factor survey reported similar high prevalence in rural households, in range of 16%--22% in different states of India.\[[@ref19]\] It has been strongly testified that obesity is intimately associated with increased chances for hypertension and other NCDs.\[[@ref20]\]

In our study, a difference of about 15% was observed in the prevalence of overweight and obesity by using two different criteria for classification. Therefore, the prevalence of actual fatness was re-estimated with the help of body fat analyzer to get actual estimates. This portable machine has been used in many studies in India and abroad and has been validated.\[[@ref21][@ref22]\] The predictive capacity of the BF% analyzed in this study was significant in identifying subjects with hypertension (i.e. AUC \> 0.50). BMI and BF% also depicted strong agreement on Bland--Altman\'s plot and depicted positive correlation with Pearson\'s correlational analysis. Even on ROC analysis, both BMI and BF% depicted similar discriminatory power to predict hypertension in study population. With this statistical support, it can be concluded that the two methods can be used interchangeably. BMI can be used to depict obesity, as it is not possible to estimate BF% everywhere due to cost and availability of the instrument.

Further, proportion of overweight or obese individuals who were also diagnosed with hypertension increased from 10.2% according to the WHO criteria to 12.5% when classified according to the modified criteria for Asian Indian population. Overall, about 45.1% (*N* = 487) of the study participants were prehypertensive. But, the number of overweight or obese study participants with blood pressure in the prehypertensive range increased from 173 (16.02%) to 264 (24.44%) by the use of modified criteria. Most of these participants with prehypertension will be contributing to the major portion of the hypertension disease burden in future. Just by using modified criteria, it is possible to cover such people through the surveillance radar while their disease is still in initial stages. In developing countries like India where health-seeking behavior is poor, people do not prefer paying visits their with family physicians until their disease has reached advance stages. Benefits of early screening and treatment cannot be ignored. The United States preventive services task force found good-quality evidence that screening for hypertension has few major harms and provides substantial benefits.\[[@ref23][@ref24]\]

Conclusion {#sec1-5}
==========

Modified criteria for the classification of overweight and obesity is better in terms of predicting comorbid dysmetabolic conditions, as exemplified by hypertension. It is therefore recommended to use these criteria uniformly throughout the country in research and primary care without which the control of this modern epidemic is a far-off dream.
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